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The  demand  of  environmental  and  sustainable  thinking,  concerning  global warming, 
has not surpassed the car industry, which have started to develop the electric vehicle.  
When developing this new type of vehicle, new  issues regarding passive safety arise. 
The  battery  and  related  technology  implemented  in  the  electric  vehicle,  has  to  be 
made  safe  for  the  occupants.  This  report  provides  an  in‐depth  investigation  of  the 
structural  behaviour  in  electric  vehicles,  from  a  passive  safety  perspective.  By 
researching  state  of  the  art  technologies  within  the  electric  vehicle  area,  including 
batteries, battery placement, battery safety, sensors and upcoming technologies, this 








































































































develop  team working,  innovation,  sustainability  and many  other  project  related  skills.  In  an  all 
more  internationalized world of Engineering,  team work over  country and cultural boundaries  is 
essential to maintain a consequent development in the industry.  
The  project  presented  in  this  report,  called  “Passive  safety  in  electric  vehicles  from  a  structural 








One  main  cause  of  today´s  constant  development  within  different  fields  is  environmental  and 
sustainable  reasoning,  not  the  least  in  the  field of  car  technology. Because of  this,  all major  car 
manufacturers are  forced to develop new vehicles with reduced Carbon dioxide emissions which 
are  involved with  global  warming,  and  fuel  consumption  due  to  the  diminishing  oil  reserves.  A 
















searching,  concluding, and  recommending different  safety  solutions  that could be used  in  future 
SEAT  EVs.  Because  the  main  focus  is  placed  on  keeping  the  battery  packs  safe,  the 
recommendations  include  e.g.  placement  and  fixing  of  the  battery  packs,  different  sensor 




















Since  the  beginning  of  1950,  more  than  16  million  SEAT  cars  have  been  produced  and  SEAT 





Year  2005  2006  2007  2008  2009  2010 
Total annual 





           
             
Table 1 Total units produced per year by SEAT. Source: SEAT 
The project presented in this report was carried out in collaboration with SEAT´s Technical Centre, 














arranged  when  needed,  this  was  decided  within  the  team.  As  a  gathering  point  for  all  project 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safety.    In 1958,  international  standards  in car  safety ware established.    In  the same year  three‐ 
point  lap and shoulder seat belts were  invented and developed over next  few decades.    In 1979 
National Highway Traffic Safety Administration (NHTSA) began crash testing of cars and publishing 
the  results.  Thanks  to  this  action manufacturers were  encourage  to  improve  the  safety  of  their 
vehicles.    In  1997,  European New Car Assessment  Program  (Euro NCAP) was  established  to  test 
vehicles.  The  NHTSA  is  nowadays  a  U.S.  branch  of  the  NCAP.  Together  with  technological 
development new safety systems are developed. Due to this fact cars are becoming safer. [2] 




properties  to  ensure  stability.  The  braking  system with  supporting  systems,  as  well  as,  traction 
control systems in vehicle, such as: [2] 
 






or  losing  control  of  car  driving.  Braking  distance  of  a  vehicle  equipped  with  ABS  as 
compared  to an  identical  vehicle without  the  system depends on  several  factors,  such as 
external conditions and driving skills. [2] 
• BAS  (Brake  Assist  System)  ‐  system  works  in  cooperation  with  ABS.  The  system  detects 
situations where the driver wants to brake quickly. Then the system responds by increasing 
maximum pressure  in  the brake  system  to get as much braking power.  In  some vehicles, 
during  the  operation  of  the  BAS  also  include  emergency  lights  to  warn  another  drivers 
about sudden braking. [2] 




cornering,  to  take  control  of  interconnected  systems  like  ABS  and  ASR.  This  system  is 






Seatbelts  in many  newer  vehicles  are  also  equipped with  "pretensioners"  and/or  "Webclamps". 





also  lower  the  risk  of  "submarining", which  is when  a  passenger  slides  forward  under  a  loosely 
worn  seat belt. An alternative  approach being  looked at by major  car  companies  is  the CG‐Lock 




















When  travelling  in  an automobile,  a properly  adjusted headrest  can  reduce  the  severity of neck 
injuries such as whiplash in the event of a collision. The top of the headrest should be in line with 
the  top  of  the  occupant's  head.  The  headrest  should  not,  however,  be  placed  behind  the 
occupant's neck. Maintaining an adequate separation  from the vehicle  in  front while driving and 
pressing your back against the seat while facing forward if a collision appears imminent might also 






Collapsible  steering  columns  still  consist  of  a  long  shaft  that  connects  the  steering wheel  to  the 
steering gear box. However,  the collapsible design  is composed of an  inner and an outer sleeve, 






In  the event of a  frontal  impact,  the steel bearings between the sleeves break free, allowing the 
















































Side‐impact airbags or side  torso airbags  (side  thorax/abdomen airbags) are a category of airbag 
usually located in the seat, and inflate between the seat occupant and the door. These airbags are 
designed to reduce the risk of injury to the pelvic and lower abdomen regions. Some vehicles are 









This  is  an  industry's  first  in  offering  head  protection  in  side  impact  collisions.This  airbag  also 
maintained inflation for up to seven seconds for rollover protection. However, this tubular shaped 
airbag design has been quickly replaced by an inflatable 'curtain' airbag for superior protection. 
Roll‐sensing  side  curtain  airbags  found  on  vehicles  more  prone  to  rollovers  such  as  SUV's  and 
pickups will deploy when a rollover is detected instead of just when an actual collision takes place. 
Often there is a switch to disable the feature in case the driver wants to take the vehicle offroad. 









The  airbag  is  located  beneath  the  steering  wheel.  There  has  been  much  effort  to  protect  the 
driver's  knees  and  legs  and  a  knee  airbag  worked  well.  Since  then  certain  models  have  also 
included  front  passenger  knee  airbags,  which  deploy  near  or  over  the  glove compartment  in  a 
crash.  Knee  airbags  are  designed  to  reduce  leg  injury.  The  knee  airbag  has  become  increasingly 












they  detect  the  anticipated  strength  of  an  impact  even  earlier  and  with  even  more 
precision,  so  that  the  time between  the crash and  the activation of airbags and seat‐belt 
tensioners can be reduced even further. [2] 
• Side  impact:  pressure  sensors  relay  rapid,  precise  information  to  the  control  unit  in  the 
event of an impact from the side in the area of the doors. These sensors react when the air 
between  the  doors'  outer  skin  and  inner  lining  is  compressed  on  impact.  Additional  side 
sensors are installed in the lower (not visible) B‐pillars. [2] 
• Rear  end  collision:  if  the  central  crash  sensor  in  the  interior  detects  a  rear  impact,  it 
triggers the pyrotechnic front and rear belt tensioners to fix the occupants securely in their 
seats. [2] 






When  a  vehicle  crashes  against  another  object,  its  structure  is  involved  in  a  hard  acceleration 
which is transferred to the passengers. The main purpose of the structure design is to reduce the 





















In  March  2010,  United  Nations  Economic  Commission  for  Europe  (UNECE)  presented  a  new 
regulation  called  Regulation  No.  100.  This  regulation  concerns  not  only  EV's  but  also  hybrid 
vehicles.  This  safety  regulation  is  today  applied  in  41  countries.  Apart  from  the  27  states  of 
European  Union,  Azerbaijan,  Belarus,  Bosnia  and  Herzegovina,  Croatia,  Malaysia,  Montenegro, 
Norway,  Russian  Federation,  Serbia,  Switzerland,  The  Former  Yugoslav  Republic  of  Macedonia, 
Tunisia and Turkey are also applying the new regulation. [4] 
Regulation No. 100 covers “Uniform provisions concerning the approval of battery electric vehicles 










In  order  to  get  approved  by  UNECE,  a  car  manufacturer  must  send  a  vehicle  to  a  so  called 




















In offset  tests only a part of  the  front of  the car  impacts with a barrier. These are  important, as 
impact  forces  remain  the  same as with a  frontal  impact  test, but a  smaller  fraction of  the car  is 















































density  and  operating  temperature. We used  an  excel  table  to  benchmark  the  different  battery 
types. This table can be found in the appendix. We recommend taking a closer look at the table for 
further  details.  After  comparing  the  metrics  of  the  different  battery  types  we  came  to  the 









In  addition,  the  self‐discharge  is  less  than  half  compared  to  nickel‐cadmium, making  lithium  ion 




We  came  to  the  conclusion  to  choose  the  Lithium  iron  phosphate  battery,  because  the  battery 






As  one  can  see  from  the  comparison  table,  the  lithium  iron  phosphate  battery  looks  really 
promising.  The  lithium  iron phosphate battery,  also  called  LFP battery,  is  a  type of  rechargeable 
battery,  specifically  a  lithium  ion  battery.  Basically  the  lithium‐ion  battery  is  the  further 
development  of  the  lithium  iron  phosphate  battery.  The  lithium‐ion  battery  uses  a  lithium‐ion‐
derived  chemistry  and  shares many  of  its  advantages  and  disadvantages with  other  lithium  ion 
battery chemistries. However, one key advantage over other  lithium‐ion batteries  is  the superior 
thermal  and  chemical  stability,  which  provides  better  safety  characteristics  than  lithium‐ion 


































be  sufficient  for  some  time.    But  as we  can  see  in  the  table  presented below,  different  sources 
present  various  amount  of  Lithium.  However,  based  on  this  table  we  can  say  that  the  largest 







Country  Source 1  Source 2  Source 3  Source 4 
Argentina  Not available  2,000,000  2,710,000  6,000,000 
Australia  220,000  260,000  262,800  1,603,000 
Austria  Not available  Not available  100 000  113 000 
Bolivia  5,400,000  5,400,000  5,500,000  5,400,000 
Brazil  910,000  910,000  85,000  123,000 
Finland  Not available  Not available  14,000  13,000 
Spain  Not available  Not available  Not available  72,000 
Ireland  Not available  Not available  Not available  13,000 
Canada  360,000  360,000  255,600  1,073,000 
Congo  Not available  Not available  Not available  1,145,000 
Chile  3,000,000  3,000,000  6,900,000  7,520,000 
China  1,100,000  1,100,000  3,350,000  6,173,000 
Portugal  Not available  Not available  Not available  10,000 
Russia  Not available  Not available  1,000,000  2,480,000 
Serbia  Not available  Not available  Not available  957,000 
United States  410,000  410,000  5,936,000  6,620,000 
Zimbabwe  27,000  27,000  56,700  57,000 





western Afghanistan believing  that  large deposits of  lithium are  located  there. Those  researches 
were finished with success because the New York Times presented an official stage of Pentagon: 








will  be  able  to  recover  about  50% of  lithium  from a  spent  lithium‐ion battery.    This means  that 
after  about  15  years  of  use,  battery  packs  (first  in  the  vehicle,  and  later  as  stationary  energy 
storage) will be able to recover half of the lithium contained there. [12] 
Lithium in bolivia 
Bolivian  President  Evo Morales  did  not  allow  investments  by  foreign  corporations  interested  in 
metal  mining.  They  are  only  interested  in  the  extraction  and  preliminary  purification  of  raw 
materials,  and  they  want  to  produce  batteries  outside  the  country.  This  is  not  enough  for Mr. 
Morales,  because  he  is  interested  in  the  construction  of  refineries  and  assemblers  of  lithium 
batteries. [13] 
Bolivia announced a plan to build a  large refinery, which  is  to eventually produce 30,000 tons of 
lithium per year, accounting for 30 percent of current world production. The plant will be ready in 
the  year  2013/14.  Its  projected  cost  is  250‐300  million  dollars.  In  addition  to  the  cost  of 
construction  of  the  plant  the  government  will  have  to  find  an  additional  500 million  dollars  to 
cover  expenses  related  to  the  modernization  of  infrastructure.  Plans  to  build  assembly  plants 
accumulators are associated with additional costs of a billion dollars. Bolivia cannot afford at this 







The  three  largest  companies  known  for  Lithium  extraction  ,  called    "Lithium  trinity"  (Sociedad 
Química  y Minera  de  Chile  (SQM),  FMC  Technologies  (FMC)  and Chemetall),    are  in  general  not 








What’s  more  nowadays  Government  investigate  the  concessions  awarded  to  SQM  and  SCL  for 
Lithium extraction under previous Governments (they might be illegal). [14] 
In South America, people are demanding a much greater financial return from the exploitation of 








experts  are  not  unanimous  here. Meridian  International  Research  organization  presented  in  its 
study  "The  Trouble  with  Lithium”,  that  global  reserves  of  the  element,  concentrated  in  Chile, 
Bolivia, Argentina and China, are just 6.2 million tons. They came to the conclusion that the broad 
expansion of the electronics industry, as well as the development of the sector of EVs, will lead to 
an  increased  demand  and  may  result  in  worse  relations  between  the  United  States  and  South 
America. [15] [16] 













Professor Paul Braun  from the University of  Illinois along with  fellow  researchers Huigang Zhang 
and Xindi Yu, have designed a new 3D film battery that looks very promising for the EV industry. It 
has been shown that batteries which are equipped with a 3D film can be charged up to 100 times 
faster  than  regular  counterparts.  The battery  that Braun and  company are developing  is using a 
nano‐structured 3D film in the cathode of the battery. The design of the cathode gives the battery 




















vehicle.  Although  lithium  might  have  a  bad  reputation  concerning  safety  issues,  one  must 









manufacturer  to  closely  inspect  and  analyse  what  supplier  to  buy  from.  Things  to  take  into 













too  high  pressure.  Every  system  has  a  maximum  allowable  working  pressure  (MAWP).  Since 
pressure  valves  are  safety  components,  there  are  several  standards  available  to  control  the 



















There  are  several  sensors  that  could  be  used  to  monitor  and  protect  the  battery  package.  As 




but  using  some  basic  sensors  can  go  a  long way.  Using  sensors  to monitor  acceleration,  tilting, 
temperature, humidity, voltage and over current, will aid  in protecting the battery  in quite a few 





For  those  interested  in  further  readings,  please  check  out  the  following  book:  Underwriters 
Laboratories, UL 1642, Fourth Edition. September 19, 2005. ISBN 0‐7629‐1117‐4. 
5.1 Passive safety aspects 
When  the EV  is  in  a  collision,  the battery  is  exposed  to  large  forces.  These  forces  can harm  the 
battery in different ways. To be able to keep the battery and the occupants free of harm, several 


















well  protected  in  case  of  crashes.  Generally  there  are  few  places  where  the  battery  can  be 
































or  side  crash.  Furthermore  the  engine  is  located  in  the  front  part  of  the  car  to  provide  a  good 









best  solution  for  a  small  EV,  because  the  battery  pack would  probably  completely  fill  the  trunk 
compartment. [28] 





























All  this  information concludes that the batteries should be placed  in a place where they are well 
protected  from  deformation.  Some  high  tensile  steels  should  also  be  used  to  ensure maximum 
crash protection from the front, side and rear. Even if the batteries are placed in the middle of the 
car, front, rear and side‐door impact bars have an important role in protecting the batteries. The 
battery  packs  should  be  put  in  a  place  where  they  can  be  easily  removed  if  it  would  become 
necessary to replace them. The best way to place the batteries is in a “T‐shape” configuration (in 
the  middle  and  also  underneath  the  rear  seat).  Thanks  to  putting  the  batteries  in  this 









developed  by  Dassault  Systemes  and  Autodesk,  for  professional  modeling  and  designing.  We 






































top  of  the  battery  packs.  Because  of  the  thickness  of  the  belts  they  can  easily  deform  in  hard 










vehicles.  Because  EVs  have  high‐voltage  electrical  systems,  for  safety  reasons  all  major  car 
manufacturers use isolated electric busses to prevent any electric current through the car body in 
case  of  loss  of  isolation  between  the  positive  and  negative  electric  busses.  For  this  reason 
occupants  do  not  have  to  worry  about  getting  electric  shocks.  On  the  contrary,  regular  cars´ 
electric wiring solutions do not need this due to the vehicle frame or chassis works as a negative 
buss.  This  is  possible  due  to  the  low  12V  DC  in  these  cars,  which  is  not  lethal  to  humans. 
Furthermore,  all  electric  vehicles  from  the  largest  car  manufacturers  use  combinations  of 
automatic disconnect functions like ground fault monitoring, a pilot circuit or an inertia switch. 
Along  with  the  high‐voltage  electric  cables  runs  a  pilot  cable.  The  function  of  the  cable  is  to 




















sensor  more  accurate  information  can  be  sent  even  faster  to  the  central  unit,  which  handles 
collision data. [32] 












the event of  a  collision while  the  vehicle  is  in  charge mode.  This means  that  emergency  service 
personnel can recover vehicles without running the risk of suffering an electric shock. [33] 
The  evSAT  acceleration  sensor  is  active  in  charge mode;  it  detects  an  accident  and  passes  this 
information on to the battery management system which then shuts off the high‐voltage battery. 





to  avoid  the  considerable  expense  of  adapting  the  airbag  system  to  meet  new  requirements, 
Continental has also developed evSAT for the vehicle's charge mode. [33] 
 The accelerator sensor employs an algorithm to detect a frontal, rear or side collision with another 













different  places  in  the  vehicle;  it  should,  however,  be  placed  sufficiently well  inside  the  vehicle 
(beneath  the  front  passenger  seat,  for  example)  to  avoid  being  damaged  in  an  accident.  The 

























off. When  engaged  at  power‐up,  the  contactors  initially  perform  a  pre‐charge  operation, which 
safely  charges  the  capacitors  in  the  inverter  and DC/DC  converter  sections.  This  is  necessary  to 
protect  the main  contactors  from switching directly  into a high  current  load  (charge capacitors). 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The  pre‐charge  function  can  also  be  performed  using  solid  state  components  instead  of 
electromechanical  contactors,  such  as  high  voltage  Metal  Oxide  Semiconductor  Field  Effect 
Transistors  (MOSFETs)  or  Insulated  Gate  Bipolar  Transistors  (IGBTs),  replacing  large,  costly  high 
voltage  contactors.  The  current  sensor  provides  monitoring  of  current  flow  during  battery 
charging,  regenerative  braking,  electric  propulsion  motor  and  high  voltage  auxiliary  load 





First  of  all,  the  shape  of  the  battery  compartment  directly  affects  the  behaviour  of  the  EVs 
structure. The design of the compartment must absorb as much energy as possible incurred to the 
EVs  structure  to  protect  the  passengers  in  a  crash.  Secondly,  it  is  important  to  keep  the 
compartment water proof by adding a layer of some kind of rubber material to the shell. This also 
keeps the battery more stable and less exposed to vibration. Furthermore the battery has a higher 
tolerance  to move when  fastened with belts  than with usual  bolt  fixing  points  to  the  EVs body, 
making the compartment absorb more energy in a crash. 
New interesting technologies have been presented to SEAT with this project, which hopefully will 
be of good use in their future development of the EV. There is the sensor solution by Continental, 
the patented PVDF sensor which could be further developed by SEAT and new battery technology 
solutions. 
Further doings within the field handled, which did not fit in to this project, could be e.g. to answer 
the questions how to keep passengers safe in case of the battery getting flooded, which is the best 
way to keep the batteries at the desired temperatures and what improvements can be done to the 
restraint system. 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